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Preface 
Abstract 
Due to increasing penetration levels of renewable energy in the power system, it is 
essential to keep renewable energy resources connected to the power grid during a fault 
considering the grid code requirements. In this thesis, the Fault Ride Through (FRT) 
capability of wind turbines is taken into account. All types of wind turbines are considered 
and for each one, the proposed methods will be discussed and studied. 
In the first approach for Fixed Speed Wind Turbines (FSWTs), to achieve maximum 
FRT capability, this thesis proposes a single-phase Optimum Resistive Type Fault 
Current Limiter (OR-FCL) as an efficient solution during various grid faults. A dedicated 
control circuit is designed for the OR-FCL that enables it to insert an optimum value of 
resistance in the FSWT’s fault current path for improving transient behaviour of the 
FSWT. The optimum resistance value depends on fault location and pre-fault active 
power. The control circuit of the proposed OR-FCL is capable of calculating the optimum 
resistance value for all the pre-fault conditions. By using the proposed control circuit, the 
FSWT can achieve its maximum FRT capability during symmetrical and asymmetrical 
faults, even at zero grid voltage. In the second approach for the FSWTs, to reduce the 
number of components, a three-phase Controllable Resistive Type Fault Current Limiter 
(CR-FCL), with the same operation of the OR-FCL, is investigated to improve the FRT 
capability of the FSWT. 
Fully and partially rated converter wind turbines and solar power systems utilise an 
inverter to connect to the grid. The inverters are vulnerable due to their damaging effects 
of voltage sags in their terminals on semi-conductor self-turnoff switches. In this thesis, 
a Bridge Type Fault Current Limiter (B-FCL) is proposed with simple control system for 
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the FRT improvement of the inverters during different types of faults. The proposed B-
FCL located, in Point of Common Coupling (PCC), is also capable of compensating for 
the voltage sag in the PCC and creates safe conditions not only for the inverter but also 
for any equipment which has been connected to the PCC in the power system. In the 
second approach, to analyse the FRT capability of inverter interfaced distributed 
generation, and to reduce the number of components, an FCL is placed in the DC link. 
This thesis proposes a DC Link Resistive Type Fault Current Limiter (DC-RFCL) based-
voltage source inverter (VSI) for the FRT capability improvement, which is a new 
approach in the use of FCLs. Instead of using three-phase FCLs in the AC side of the VSI 
as in the first approach, just one single-phase proposed DC-RFCL is connected in series 
with the DC side of the VSI. 
Doubly fed induction generator (DFIG)-based wind turbines employ small-scale 
voltage sourced converters with a limited over-current withstand capability, which makes 
the DFIG-based wind turbines very vulnerable to grid faults. Often, modern DFIG 
systems employ a crowbar protection at the rotor circuit to protect the rotor side converter 
(RSC) during the grid faults. This method converts the DFIG to a squirrel cage induction 
generator, which does not comply with the new grid codes. The recent grid codes require 
wind turbines to stay connected to the utility grid during and after the power system faults, 
especially under high penetration levels of wind power. Furthermore, the crowbar switch 
is expensive. Therefore, in this thesis, the FRT capabilities of DFIG-based wind turbines 
are studied. To improve the FRT capability of the DFIG-based wind turbines, three 
approaches are proposed: a modified DC chopper, a non-controlled FCL and a DC link 
resistive type fault current limiter. In the first approach, the modified DC-link chopper is 
proposed in order to maintain both the DC link voltage and the high current level in the 
stator and the rotor sides in a permissible level, without incorporating any extra fault 
current limiting strategies. In the second approach for the FRT improvement of the DFIG-
based wind turbine, a non-controlled fault current limiter is proposed. Co-operative 
operation of the chopper circuit and the non-controlled FCL, which is located in the rotor 
side of the DFIG, are studied. It is demonstrated that locating the proposed topology on 
the rotor side is effective from the leakage coefficient point of view, limiting transient 
over-currents rather than on the stator side. Furthermore, it is shown that, by obtaining an 
optimum non-superconducting inductance value, the rate of the fault current change is 
limited to lower than the maximum rates of current change in the semi-conductor switches 
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of the DFIG’s converters during the fault. In the third approach for the FRT improvement 
of the DFIG-based wind turbine, this thesis proposes the application of the DC Link 
Resistive Type Fault Current Limiter (DC-RFCL) to improve the FRT capability of the 
DFIG. The proposed DC-RFCL is employed on the DC side of the RSC. The DC-RFCL 
solves crowbar protection activation problems and eliminates subsequent complications 
in the DFIG system. The proposed DC-RFCL does not have any significant impact on the 
overall performance of the DFIG during normal operation. The proposed approach is 
compared with the crowbar-based protection method. Simulation studies are carried out 
using PSCAD/EMTDC software. In addition, a prototype is provided to demonstrate the 
main concept of the proposed approach. 
Thesis Outline 
The thesis contains five chapters. Chapter 1 includes a concise and precise introduction 
to different types of wind energy conversion systems. Chapter 2 discusses the FRT 
capability improvement of the FSWT during any fault conditions. The single-phase and 
three-phase configurations of the proposed FCLs are investigated. Then, in Chapter 3, 
regarding fully and partially rated converters employed in wind turbines and solar power, 
the FRT capability enhancement of the inverter interfaced distributed generations will be 
investigated. Similarly, in Chapter 2, two approaches will be proposed. Lastly, in Chapter 
4, the FRT capability of the DFIG-based wind turbine will be studied. Three approaches 
will be studied analytically and one of approaches will be experimentally discussed. 
Finally, a conclusion will be given, and future works will be discussed in Chapter 5. 
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Chapter 1:  
Introduction 
 
1.1 Wind Power 
Because of environmental concerns and an increase in active power demands, the 
industries and the Transmission System Operators (TSOs) are becoming more interested 
in decreasing the dependency of the power system on the conventional generation units 
[1-3]. Consequently, the renewable energy-based generation units (solar, hydro and wind 
power and so on) include considerable portions of the generated active power in the 
overall power system and this will increase day by day. Of these renewable energy 
sources, wind power is the most important from economical and technical points of view, 
especially in places located in high altitudes or which have more coastlines; for example 
in Australia, the greatest potential is near coastal locations as in Tasmania [4] because the 
mean value of the wind speed would be higher than in places which are far from coastal 
areas [5]. In this case, when the penetration of the wind power increases in the power 
network, more attention should be given to the operation of wind turbines, especially 
when a fault occurs. 
Any sudden off-grid of the wind power will damage the operation of the power system 
when the power system faults occur. Therefore, to maintain the stability of the power 
system during large disturbances, including symmetrical or asymmetrical grid faults, 
most of the TSOs require that wind turbines should be capable of staying connected to 
the utility grid, as do the conventional power plants during the fault because, in this way, 
the secure and reliable operation of the power networks is guaranteed. This operational 
behaviour is known as Fault Ride-Through (FRT) capability [6-8]. 
Chapter 1 Introduction 
 
2 
 
1.2 Different Types of Wind Energy Conversion Systems 
The transient behaviour of Wind Energy Conversion Systems (WECSs) during a fault 
condition is one of the significant problems [9-13] for power systems, at the level of high 
penetration of wind power. With a high penetration level of WECS in the grid, the power 
system operators encounter new challenging issues, which could affect the stability of the 
power system. Until now, the wind energy conversion systems are categorised as being 
four to five generations. Basically, four generations are mostly employed in wind turbine 
investigated research [14]. But regarding the rotor speed variation, there are two type of 
wind turbine as follows: 
 
1. Fixed speed: fixed speed wind Turbine and partial variable speed wind turbine 
with variable rotor resistance 
2. Variable speed: variable speed wind turbine with partially scaled back-to-back 
converters and variable speed wind turbine with fully scaled back-to-back converters 
 
In this thesis, the fault ride through capability of the fixed speed wind turbine and the 
variable speed wind turbine with partially scaled back-to-back converters will be taken 
into account in detail. Meanwhile, to consider the fault ride through capability of variable 
speed wind turbine with fully scaled back-to-back converters, a simplified model of fully 
scaled back-to-back converters which is suitable during the fault analysis will be 
discussed. In fact, the principle of the operation of a grid side converter as an inverter 
interfaced distributed generation unit will be discussed. 
Comprehensive discussions will be presented in Chapter 2 for Fixed Speed Wind 
turbine (FSWT), in Chapter 3 for inverter interfaced distributed generations and in 
Chapter 4 for Variable Speed Wind Turbine with Partially Scaled Back-to-back 
Converters or Doubly Fed Induction Generator (DFIG) based wind turbine. As an 
introduction, the principles of operation and configuration of wind turbines are concisely 
outlined in the following subsections. 
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1.2.1 Fixed speed wind turbine 
The Fixed Speed Wind turbine (FSWT) is directly connected to the grid via the 
Squirrel Cage Induction Generator (SCIG) as shown in Fig. 1.1. The rotor speed is close 
to the nominal value. The wind turbine is not able to track the maximum active power 
regarding the wind speed variation. Furthermore, it continuously absorbs reactive power 
from the grid, especially during the fault condition. This does not comply with the grid 
code requirement. Thus, to overcome this issue, the capacitor banks are utilised in the 
terminal of the FSWT. The FSWT is the first generation of wind turbine which is 
employed in the power system. They are still under operation in some wind farms due to 
their cheap, robust and low maintenance operation. Therefore, the FRT capability 
improvement of this type of wind turbine is still important as they could be made to 
survive longer, instead of replacing them with variable speed wind turbines. 
 
 
Fig. 1.1 Fixed Speed Wind Turbine (FSWT) 
 
1.2.2 Variable speed wind turbine 
As mentioned, there are two types of variable speed wind turbines which are 
categorised according to the rate of the back-to-back converters, including those which 
are partially rated and those which are fully rated. The Variable Speed Wind Turbine 
(VSWT) is the most interesting WECS due to the possibility of extracting more energy 
from a wind regime than from a Fixed Speed Wind Turbine (FSWT). Furthermore, 
enhanced power quality, low stress on the turbine and independent control of reactive and 
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active powers are advantages of the VSWT [15, 16]. Currently, the large capacity of the 
VSWT is employed on the power network. 
In this thesis, to consider the FRT capability of variable speed wind turbines with the 
fully rated back-to-back converters as shown in Fig. 1.2, only the operation of the grid 
side converter is taken into account; this could also be interesting for other types of 
renewable energy resources which are connected through a power electronic converter to 
the grid. This is due to the fact that, over the years, in addition to variable speed wind 
turbines, power electronic converters have found wide application in numerous grid 
interfaced systems, including distributed power generations like fuel cells [17], solar 
energy [18], adjustable speed drives [19] and active power filters [20]. Most of these 
systems employ three phase Voltage Source Inverters (VSIs) whose functionality is to 
exchange variable power with the utility grid. 
Therefore, in Chapter 3, the FRT capability enhancement of the inverter interfaced 
distributed generation units is discussed. It will be explained that, for the proposed 
methods in the fault analysis, it can be assumed that the DC input voltage of the inverter 
is essentially fixed in the time frame 0-1.0 s, considering the grid side converter operation 
could be sufficient to generalise for the variable speed wind turbine with fully rated back-
to-back converters. The full consideration of variable speed wind turbines with fully rated 
back-to-back converters could be taken into account for future works. 
 
 
Fig. 1.2 Variable speed wind turbine with fully rated back-to-back converters 
 
The Doubly Fed Induction Generator (DFIG)-based wind turbine, as a variable speed 
wind turbine with partially scaled back-to-back converters, is shown in Fig. 1.3. The stator 
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of the DFIG is directly connected to the grid and the rotor is connected through back-to-
back converters with the rate of 30% of nominal power of the wind turbine [21]. The main 
advantages of the DFIG is rotor speed controllability in the range of ±30%, grid voltage 
support during voltage sag, maximum power tracking and cost effective from point of 
view of industry, compared with the fully rated converter employed in the WECS. 
However, it should be noted that, due to the limited capacity of the back-to-back 
converters, there is insufficient reactive power support, especially during grid faults. In 
fact, to ride through the fault and deep voltage sag, employing auxiliary circuits to limit 
the fault current level and to compensate for voltage sag are unavoidable. In this thesis, 
fault current limiters as an auxiliary circuit will be proposed, in order to enhance the FRT 
capability of the DFIG-based wind turbine. 
 
 
Fig. 1.3 Doubly Fed Induction Generator (DFIG)-based wind turbine as variable speed 
wind turbine with partially scaled back-to-back converters 
 
1.3 Fault Ride Through Requirements 
As discussed, the FRT means keeping the wind turbine connected to the power system 
during fault condition. It is obvious that, for secure power system operation, the wind 
turbines should meet the grid requirements. In fact, considering the grid codes, the wind 
turbines should not be disconnected from the network for a specific time after fault 
inception; this can maintain the stability of the grid voltage and frequency [22]. 
The FRT requirement varies from countries following characteristics of the power 
systems. Fig. 1.4 shows the grid code requirements of different countries for FRT 
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capability of wind turbines. In the lower area of each curve, the wind turbine could be 
disconnected but, for any point in the upper area, the wind turbine should remain 
connected to the power system [6, 23]. 
Among the different grid codes, “E.ON” grid code has the strongest FRT requirements 
[6]. As shown in Fig. 1.5, according to the “E.ON”, when the voltage at the Point of 
Common Coupling (PCC) drops to a zero value for a timeframe of 0.15 seconds or fewer, 
the wind turbine must not be disconnected from the grid. If the fault lasts longer, then the 
Transmission System Operator (TSO) is allowed to disconnect the generation unit from 
the power system. 
The grid code requirements for the fault ride through capability reveal that the wind 
turbines are supposed to provide more grid supports. In this condition, on the one hand, a 
high penetration level of wind power can be predicted and on the other hand, the wind 
turbines should be equipped with cutting-edge technologies to ride through the faults. 
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Fig. 1.4 The grid code requirement for the FRT of wind turbine in  
different countries [6, 23] 
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Fig. 1.5 Limits curve for the FRT requirement of the “E.ON” grid code 
1.4 Project Objectives 
In this thesis, new approaches, operations and applications of Fault Current Limiters 
(FCLs) are discussed in the improvement of the FRT capability of wind turbines. For each 
type of wind energy conversion systems, including fixed speed wind turbines, fully 
inverter interfaced units and doubly fed induction generator-based wind turbines as 
variable speed wind turbines with partially back-to-back converters, new approaches and 
applications of fault current limiters will be proposed as follows: 
- In Chapter 1, a concise and precise introduction will be mentioned about different 
types of wind energy conversion systems. 
- In Chapter 2, two configurations of the FCLs including a single phase optimum 
resistive type fault current limiter and a three-phase controllable resistive fault current 
limiter are proposed to investigate how a controllable resistance could affect the operation 
of fixed speed wind turbines during the fault condition with regard to pre-fault active 
power and fault location. 
- In Chapter 3, a bridge type fault current limiter and a DC link resistive type fault 
current limiter are studied in the FRT improvement of inverter interfaced distributed 
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generation units. It is shown that the latter, using a low number of components, has the 
same impact on limiting the fault current level. 
- In Chapter 4, the FRT capability enhancement of doubly fed induction generator-
based wind turbines is investigated, including three approaches. In the first approach, a 
modified DC chopper, which is not only able to adjust the DC link voltage level but which 
can also limit the DC link current level, is studied. Then, a non-controlled fault current 
limiter and the impact of impedance type and its location either in the stator side or in the 
rotor side are discussed. Finally, operation of the DC link resistive type fault current 
limiter is studied for different fault types in doubly fed induction generator-based wind 
turbines. 
- In Chapter 5, a conclusion will be given, and future works will be discussed. 
Meanwhile, in Chapters 2 to 4, the research background and the previous studied 
methods will be comprehensively presented. 
Chapter 2-4 have been 
removed for copyright or 
proprietary reasons. 
See pages vi-x for details of the referred journal and conference papers the 
removed chapters are made up of. 
Chapter 5 Conclusion and Future Works 
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Chapter 5:  
Conclusion and Future Works 
 
5.1 Thesis Summary 
In this thesis, the improvement of the fault ride through capability of wind energy 
conversion systems, including fixed speed wind turbine, voltage source inverter and 
doubly fed induction generator-based wind turbine by fault current limiting methods have 
been discussed. For each type of wind energy conversion system, a literature review has 
been presented in its own chapter. 
In the fault ride through capability enhancement of the fixed speed wind turbine, two 
approaches have been discussed. In the first approach, an optimum resistive type FCL 
(OR-FCL) has been proposed to improve the fault ride-through capability of the FSWT 
during symmetrical and asymmetrical grid faults. A dedicated control circuit is also 
designed for the proposed OR-FCL. As shown, by means of this control circuit, the OR-
FCL calculates an optimum resistance value (𝑅𝑎𝑐,𝑜𝑝𝑡.) with respect to all pre-fault 
operation conditions, including the fault location (k) and the pre-fault output active power 
(𝑃𝐺) of the induction generator. The calculated value of 𝑅𝑎𝑐,𝑜𝑝𝑡. enters the fault current 
path through the use of the special switching pattern with the frequency of 𝑓𝑠 and the duty 
cycle of 𝐷𝑜𝑝𝑡.. In this way, the proposed OR-FCL limits the fault current efficiently and 
guarantees the maximum FRT capability of the FSWT during various grid faults. It has 
been also shown that the transient behaviour of the FSWT has been improved, especially 
during the worst cases of the fault condition, thanks to the proposed OR-FCL. Design 
consideration has been discussed to calculate the value of the DC inductance of the OR-
FCL 𝐿𝑑𝑐 and the value of resistance R parallel with the self-turnoff switch. Therefore, the 
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OR-FCL guarantees that, for all wind speed variations, 𝑅𝑎𝑐,𝑜𝑝𝑡. is achieved by the special 
switching pattern and is ready to enter the fault phase. 
In the second approach, a three-phase configuration of the OR-FCL has been proposed. 
The configuration of a controllable resistive type fault current limiter has been 
investigated during a symmetrical grid fault. The proposed CR-FCL guarantees the 
maximum FRT of the FSWT with a simple control circuit and a low number of 
components compared with the OR-FCL. As discussed, the FCLs with fixed impedance 
cannot be effective in reaching the maximum FRT capability for all the pre-fault 
conditions. The impact of the pre-fault conditions, including the fault location and the 
pre-fault output active power of the induction generator, has been considered on the 
maximum FRT of the FSWT during a three-phase fault. Therefore, the optimum 
resistance value has been calculated based on the pre-fault conditions. This optimum 
resistance value can be generated by the special frequency and the duty cycle of the 
proposed CR-FCL. Furthermore, the technical issues, which may arise in practical 
situations, have been discussed. The CR-FCL is not as effective as the OR-FCL during 
asymmetrical faults, including single phase faults and line-to-line faults because it affects 
healthy phases during faults. 
As fully rated converters are employed in wind energy conversion systems, the 
enhancement of the fault ride through capability of inverter interfaced distributed 
generation units has been taken into account in this thesis. Two approaches have been 
proposed. In the first approach, the Bridge Type Fault Current Limiter (B-FCL) has been 
studied to improve the fault ride through capability of the inverter interfaced distribution 
generation. The single-phase B-FCL is placed in each individual phase. During the 
normal operation of the grid, the proposed structure does not affect the power system. 
When the fault occurs, the limiting resistance enters the faulty line and suppresses the 
fault current level. The effectiveness of the proposed B-FCL has been assessed through 
all grid fault types, including the three-phase fault, the line-to-line and to ground fault, as 
well as the single-phase fault. The B-FCL can mitigate the voltage sag at the point of 
common coupling during the fault and as a result, not only the inverter can stay connected 
to the utility but also the connected equipment to the PCC is not affected. Furthermore, 
with the proposed approach, the inverter is not required to change its operational 
condition in the fault condition and can continue to deliver as much active power as 
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possible without any interruption. Simulation results have been provided by 
PSCAD/EMTDC software. 
The second approach presented a novel DC-RFCL based FRT scheme to improve the 
FRT capability in the VSI. In comparison with the B-FCL, the proposed approach only 
uses one set of single-phase DC-RFCL, which is placed in the DC side of the VSI. 
Therefore, this approach reduces the number of the required FCLs, which are used in the 
AC side of the VSI as in the first approach, the B-FCL. In addition, in the proposed DC-
RFCL, due to implementing the non-superconducting DC inductor, the initial cost also 
decreases. The VSC strategy is employed during normal operation as well as during the 
fault condition with the DC-RFCL. This characteristic is interesting for the industry, 
because in the other FRT methods, the control strategy of VSI is changed from the VSC 
to the CSC during the fault in order to restrict the fault current level. The proposed DC-
RFCL can suppress severe di/dt at the first moments of the fault and protect the SDs of 
the VSI from damage even at zero grid voltage, as recommended by new grid codes, with 
a high degree of reliability. Simulation studies have been carried out. The proposed 
approach has reliable performance during both symmetrical and asymmetrical faults. To 
sum up, the proposed method can easily be implemented by commercial inverter 
manufacturing companies, with the least technical design of the inverter from the 
perspective of the practical. 
To improve the fault ride through capability of the doubly fed induction generator-
based wind turbine, three methods have been proposed in the thesis. In the first approach, 
the modified DC chopper has been proposed for controlling the DC link voltage and 
limiting the fault current to enhance fault ride-through capability of doubly fed induction 
generator-based wind turbines. The operation of the modified DC chopper has been 
discussed and compared with the general configuration of the DC chopper incorporated 
with the crowbar protection. The modified DC chopper is capable of limiting the high 
rotor and stator currents in addition to the DC link voltage control during the fault 
conditions. The modified DC chopper utilises three extra semi-conductor switches which 
enable it to insert the DC chopper resistance in series or parallel connections with the DC 
link, according to the DC link threshold current and the DC link threshold voltage, 
respectively. With the modified DC chopper, it is not necessary to stop the RSC switching 
and employ the anti-parallel diodes with a high current rating. Utilising the modified DC 
chopper can decrease the decaying time constant in the rotor side. The modes of operation 
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of the proposed DC chopper have been carefully studied. A technique to determine the 
value of the DC chopper resistance has been presented that allows the proposed 
configuration to operate in both modes: the fault current limiting mode and the DC link 
voltage control mode. Extensive simulations have been carried out in PSCAD/EMTDC 
software to test the robustness and effectiveness of the proposed modified DC chopper 
for the symmetrical and the asymmetrical faults. The results prove that, by employing the 
modified DC chopper, the high rotor and stator currents can be restricted without 
employing any additional fault current limiting approaches. 
In the second approach, a non-controlled fault current limiter has been proposed to 
improve the fault ride through capability of the DFIG-based wind turbine. It was shown 
that locating the non-controlled FCL in the rotor side is effective in restricting the rotor 
transient over-currents from the point of view of the leakage coefficient rather than the 
stator side. Operation of the proposed scheme was compared with the crowbar protection. 
Two case studies have been investigated: three phase fault and phase-to-phase fault. 
Meanwhile, the calculation of the optimum value of the non-superconducting inductance 
has been completed. With the optimum value of the inductance, it is guaranteed that the 
rate of fault current change is lower than 𝑑𝑖𝑚𝑎𝑥 𝑑𝑡⁄  of the semi-conductor switches of the 
rotor side converter. The proposed scheme does not require any measurement to limit the 
rotor fault current during the fault. Its configuration is simple and can be easily utilised 
by the industry. PSCAD/EMTDC software has been employed to evaluate the operation 
of the non-controlled FCL during all fault scenarios, including symmetrical and 
asymmetrical grid faults. 
The last approach proposed a novel concept of the FCL application in the field of the 
FRT of the DFIG. The proposed DC-RFCL employs just one single set of the DC-RFCL 
in the DC side of the RSC to limit high rotor over-currents during various grid fault 
conditions. Therefore, it is more efficient than conventional approaches, which need three 
similar sets of the FCL at the AC side of the DFIG. In the proposed scheme, thanks to the 
DC-RFCL, the FRT capability is applied to a basic configuration of the RSC, which 
allows the proposed scheme to be implemented by industry easily. The DC-RFCL has a 
simple power circuit topology. The proposed approach is not affected by the depth of the 
voltage dip. With the present method, continuous operation can be achieved for the DFIG 
even at zero grid voltage during the fault condition. From the extensive simulation studies 
carried out in PSCAD/EMTDC software, it is proved that the proposed scheme can 
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provide promising performance during the symmetrical and asymmetrical grid faults. 
Moreover, the main concept of the proposed method has been experimentally studied with 
a prototype set-up. The obtained results show that the proposed FRT configuration could 
eliminate the crowbar activation problems and subsequent complications in the DFIG-
based wind turbines, thereby enabling the DFIG to remain connected to the utility grid 
during the power system faults. 
5.2 Future Studies 
As discussed within the thesis, the improvement of the FRT capability of fixed and 
variable speed wind turbines has been investigated and the proposed methods of and 
approaches by the FCLs have been studied for each type of wind turbine. 
In future work, the application of the DC-RFCL should be employed and studied in a 
Permanent Magnet Synchronous Generator (PMSG)-based wind turbine. In fact, the 
operation of the DC-RFCL should be studied in the PMSG-based wind turbine to realise 
how the DC link current and the AC currents are limited during different types of grid 
faults. 
From the point of view of the modified DC chopper, its application can be studied in 
any inverter interfaced generation units, including solar panels and the PMSG-based wind 
turbine. Regarding its application, it should be taken into account that the DC link current 
limitation or the DC link voltage control is the priority in the DC modified chopper. It 
can be found out by the level of DC link voltage and current during the operation of the 
modified DC chopper during different priorities. 
In addition, the co-operation of the FCLs and voltage sag compensation devices are 
proposed for future works. As explained, due to their locations, the DC link fault current 
limiting devices are not capable of compensating for voltage sag at the point of common 
coupling or in the terminal of the generation units. Thus, not only can employing fault 
current limiting devices and voltage sag compensation devices compensate for the voltage 
sag in the AC side to some extent but this can also reduce the voltage and current rating 
of the fault current limiting device in the DC link of the inverter. 
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